Objective: Sleeve gastrectomy (SG) has recently become the most commonly applied bariatric procedure worldwide. Substantial regaining of weight or severe reflux might compromise quality of life (QOL) after SG in the long-term follow-up. Long-term data on patients' QOL is limited, even though the persistent improvement in QOL is one of the aims of bariatric surgery. The objective of this study was to present patients' QOL 10 years after SG. Methods: Of 65 SG patients with a follow-up of ≥10 years after SG who were asked to fill out the Bariatric Quality of Life Index (BQL) and Short Form 36 (SF36) questionnaires, 48 (74%) completed them. This multicenter study was performed in a university hospital setting in Austria. Results: The BQL score revealed nonsignificant differences between the patients with > 50% or < 50% excess weight loss (EWL). It did show significant differences between patients with and without any symptoms of reflux. Patients with < 50% EWL scored significantly lower in 3/8 categories of SF36. Patients suffering from reflux had significantly lower scores in all categories. Conclusions: EWL and symptomatic reflux impair patients' long-term QOL after SG.
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Introduction
Laparoscopic sleeve gastrectomy (SG) is a restrictive bariatric procedure developed from vertical-banded gastroplasty and the Magenstrasse and Mill procedure, and it was first described by Marceau et al. [1] in 1993 as part of a biliopancreatic diversion with duodenal switch. The number of SGs performed has continually increased over the last decade and, as of recently, counts as the most common bariatric procedure worldwide. In Austria, however, SG is still outnumbered by laparoscopic Roux-en-Y gastric bypass (RYGB) [2] .
When looking into the long-term follow-up of SG, 2 issues have recently been discussed by a number of authors: reflux and weight regain. The occurrence of reflux varies according to the length of the follow-up. DuPree et al. [3] , for example, found reflux in 8.6% of their patients at 3 years while Boza et al. [4] , in a study covering 5 years of follow-up, found it in 26.7%. After initially good weight loss results, weight regain can be observed a number of years after SG, as in Himpens et al. [5] , where the excess weight loss (EWL) of 77.5% after 3 years decreased to 53.3% after 6 years. In our previous study, 59% of the participating converted and nonconverted patients had regained ≥10 kg of their weight after 10 years [6] .
Along with weight loss and the remission of comorbidities, improved QOL certainly is one of the essential aims of bariatric surgery. Therefore, it makes sense to study to what extent a certain procedure, in this case SG, is actually capable of improving a patient's QOL. In most cases, patients' QOL is measured shortly after the bariatric procedure (e.g., Fezzi et al. [7] ). However, there are hardly any studies on how patients' QOL develops over a longer period of time. Juodeikis and Brimas [8] , who reviewed current long-term studies on SG, concludes that there are few data available on QOL after SG. He therefore recommends treating the existing data with caution.
This study is one of the first to present long-term results regarding QOL after SG with a follow-up of ≥10 years. This study also evaluates the impact of the long-term side effects associated with SG. The positive impact of bariatric surgery on patients' QOL is a well-known fact. Our focus here is a differentiated view of the factors that may influence patients' QOL after SG in a long-term follow-up.
Material and Methods
This study included all patients who underwent SG in 3 Austrian bariatric centers between January 2003 and December 2006, except for those who were converted to different procedures within the last 10 years. Participants were called in to complete the questionnaires, starting from January 2016. As it is mandatory for Austrians to inform the Central State Registry about their current home address, the majority of nonconverted patients (n = 48; 74%) could be reached and agreed to participate.
Questionnaires
We deployed 5 questionnaires commonly used in the follow-up to bariatric surgery: the Bariatric Analysis and Reporting Outcome System (BAROS), the Reflux Symptom Index (RSI), the Gastrointestinal Quality of Life Index (GIQLI), the Bariatric Quality of Life Index (BQL), and the Short Form 36 (SF36). The results of BAROS, which focuses on the outcomes of bariatric procedures, have already been published [6] and those of RSI and GIQLI, which are mainly reflux-related questionnaires, will be presented separately [9] . As SF36 and BQL evaluate patients' QOL on a more general level, their results are covered separately in this paper.
The SF36 is a validated questionnaire consisting of 36 items about a patient's general QOL. The questions are grouped around 8 different areas, with a varying number of items for each field: physical functioning, social functioning, physical problems, emotional problems, mental health, energy and vitality, pain, and general perception of health. A value between 0 and 100 can be reached in each area [10, 11] .
The BQL was developed in 2005 and updated in 2009. It measures a patient's QOL before and after a bariatric procedure and consists of 2 parts. The first part is a compilation of the medical data. The second part is dedicated to collecting data; it consists of 13 questions and a total of 65 points (100%) may be reached. Its creators describe it as an easy tool to gather information about bariatric patients' postoperative QOL and superior to other questionnaires (e.g., GIQLI and BAROS) due to better responsiveness [12, 13] .
Statistical Analysis
Data in this study are presented as median and range, mean and standard deviation, or percentage. The χ 2 test and nonparametric Mann-Whitney U test were used for the comparison of groups of data. Univariate analyses were two-tailed and significance was set at a p value of < 0.05. SPSS v24 for Windows ® was used for statistical calculations.
Results
A total of 103 patients received SG in 1 of the 3 participating Austrian bariatric centers between January 2003 and December 2006. Eighty-eight patients had SG as their first bariatric procedure, and 13 were converted from laparoscopic adjustable gastric banding (LAGB) and 1 each from endoscopic gastric balloon placement and gastric stimulation. Thirty-four patients (33%) were converted to RYGB within this period due to weight regain or reflux and were thus not included in the study. Four patients died from causes unrelated to SG within the follow-up period and were thus removed from the study. Forty-eight (74%) of the remaining 65 patients completed the questionnaires. For details on patient characteristics, refer to Table 1 .
This study focuses on whether symptomatic reflux as a side effect of SG and percentage EWL significantly impair patients' QOL ≥10 years after the procedure. Twenty-five of the participating patients were suffering from reflux (19 had no symptoms), 24 had a > 50% EWL (group 1), 18 had an EWL of 25.0-49.9% (group 2), and 6 had a 25.0% EWL (group 3) at the time of completing the questionnaires. 
BQL
The BQL revealed noteworthy differences in the perception of QOL between 2 sets of 2 groups of patients. First, significant differences could be found between patients suffering from reflux and those who did not, at the time of filling in the questionnaire (with reflux: 45.7 ± 8.4; without reflux: 52.1 ± 7.7; p = 0.048) ( Table 2 ; Fig. 1) .
Second, the total BQL score also showed differences between patients with > 50% or < 50% EWL (i.e, group 1 vs. groups 2 + 3) but these were not significant. Patients with EWL > 50% scored 49.8 ± 9.1 on average, those with EWL 25.0-49.0% scored 45.9 ± 12.5, and those with < 25% EWL 47.8 ± 5.6 points (Table 3 ; Fig. 2 ). 
SF36
The results of the SF36 show that patients without reflux had a significantly better QOL in all 8 categories (Table 2 ; Fig. 3) . Similarly, patients with > 50% EWL (group 1) had a higher score in all categories than those with < 50% EWL (groups 2 + 3) in all categories. Differences were significant in 3 categories: body pain (p = 0.02), role emotional (p = 0.04), and mental health (p = 0.04) ( Table 3 ; Fig. 4) . 
Discussion
This is the first study presenting long-term data on QOL after SG. Utilizing 2 validated questionnaires, the BQL and the SF36, we observed an impaired QOL in patients with significant weight regain and symptomatic reflux. Improved QOL, along with weight loss and a remission of comorbidities, is certainly one of the essential aims of bariatric surgery, which is why it makes sense to study to what extent bariatric procedures, in this case SG performed as sole and definitive bariatric procedure, are capable of improving a patient's QOL. Generally speaking, the patients in this study had quite low scores; this becomes even more evident when we compared our results to those of short-term studies.
BQL
The BQL was developed in 2005 by Weiner et al. [12] . It was validated by a study on 133 patients and a follow-up of up to 12 months. A result of the study was that the BQL shows an exceptionally strong correlation with the results of the SF12 and slightly less of a correlation with BAROS, GIQLI, and EWL. The modified version of the BQL, which we used here, was presented in 2009 and validated in a similar study on 466 patients [13] .
Matlach et al. [14] presented a retrospective long-term study on 153 patients who underwent LAGB. They used the BQL to assess QOL after a median follow-up of 8.7 years. The patients were divided into 3 groups: those who still had their gastric band, those who had had it removed, and those who had been converted to a different bariatric procedure. In all, 83.7% of the patients completed the BQL and it was found that a greater EWL meant patients experienced a significantly better QOL. Accordingly, in this study, the BQL results revealed that 2 groups of patients had a better QOL 10 years after SG: those with a > 50% EWL and those who did not suffer from reflux (significant in the latter group). Interestingly, the patients suffering from reflux registered as a group with a significantly poorer QOL even though the BQL does not include any questions on reflux or reflux-related symptoms. It has been common knowledge for a while that reflux does, in many cases, occur as a side effect of weight regain. Most patients with a low percentage EWL (groups 2 + 3) had weight regain. Thus, this study also shows that reflux is not only an uncomfortable symptom but does actually impair a person's QOL.
In the prospective randomized SM-BOSS study by Peterli et al. [15] , patients' QOL, measured using the BQL among other scores, improved significantly when comparing the preoperative and postoperative results, at 1 and 2 years. However, the results at 3 years show a slightly poorer QOL. This tendency reflects the authors' theory that patients' QOL will improve shortly after SG but then continuously decrease over time.
In a study of 39 clinics and a total of 11,420 patients who underwent a bariatric procedure between 2008 and 2012, using the BQL and the Health and Activities Limitations Index pre operatively and at 1 year postoperatively, Waljee et al. [16] found a great deal of variation in their results. They concluded that these enormous differences in QOL perceived by patients were due to patient-related factors on the one hand and, interestingly, the performance of hospitals on the other. Therefore, one might assume that after a long time, at least 10 years postoperatively in our case, the differences in QOL perceived by patients who have, in fact, all received the same procedure, would be widespread. However, as mentioned above, we found significant differences between patients with and without reflux. What our results also suggest is that the BQL is to be considered a potent score for bariatric patients. 
SF36
In a study on 78 consecutive SG patients who completed the SF36 preoperatively and 12 months' postoperatively, Fezzi et al. [7] found a significant improvement in patients' QOL in all areas of the questionnaire. The authors note, however, that this improvement was not consistently associated with the amount of weight lost. A limitation of the study was, as the authors also conclude, that it was a short-term study.
Nadalini et al. [17] presented a study with a longer follow-up. A total of 110 patients (34 underwent gastric banding, 69 RYGB, and 7 SG) completed the SF36 questionnaire preoperatively and at an average of 36 months' postoperatively. They found a significant improvement in all categories except for general and mental health. They also concluded that the category of physical function can be seen as a "significant predictor of weight loss," as they called it.
Flølo et al. [18] used the SF36 for SG patients postoperatively at 5 years. They summarized the results in 2 groups of physical and mental components and found that the scores of both significantly improved when compared to a cohort of preoperative patients.
D'Hondt et al. [19] studied 83 patients over a period of 6 years using the SF36 among other scores and compared the results of subjects with > 50% EWL to those with < 50% EWL. They found significant differences in the categories "physical functioning" and "general health." Like ours, their study shows that comparing different groups of patients postoperatively may be considered just as important as comparing preoperative to postoperative data, especially when it comes to QOL. While QOL may generally improve when comparing preand postoperative data, different groups of patients within a cohort may show varying developments in QOL over the follow-up period (e.g., patients with reflux vs. without; patients with weight regain vs. without; patients > 50% EWL vs. < 50% EWL; etc.).
In a study on 77 patients who completed the SF36 at 1, 3, and 5 years after SG, Strain et al. [20] found a significantly poorer QOL according to scores in the categories "physical function," "role physical," "body pain," "general health," "vitality" and "social function," when comparing the results over time which they associated with weight regain.
These findings correspond with our results for patients with a low percentage EWL. Patients with > 50% EWL generally showed a better QOL in the SF36, significantly so in the categories "body pain," "role emotional," and "mental health" than those with < 50% EWL. Patients with reflux, on the other hand, had significantly low scores in all categories. This suggests that patients experience reflux as actual physical pain as well as a source of constant discomfort, which impairs their mental well-being at the same time. It should be considered that most patients who suffer from reflux have prescriptions for proton pump inhibitors, the side effects of which have not been fully studied. However, in a prospective cohort study on 73,679 aged ≥75 years in 2004-2011, Gomm et al. [21] found that dementia can be associated with the regular intake of proton pump inhibitors.
Limitations of the Study
Patients were not asked to fill in questionnaires before their procedures, which is why comparisons between their pre-and postsurgery QOL are not included in this study. A possible improvement in QOL after the procedure in some patients may thus have gone unnoticed. Of course, the improvement of patients' QOL after bariatric surgery has been well-researched. This paper presents a more differentiated view of the factors that can influence patients' QOL after SG in a long-term follow-up. 
Conclusion
A low EWL of < 50% may correspond to a poorer QOL after SG. Symptomatic reflux does significantly impair long-term QOL after SG. The SF36 and BQL proved to be appropriate tools to evaluate the long-term effects of SG on patients' QOL. Thus, we clearly recommend using these scores when focusing on patients' long-term QOL after bariatric surgery. Additionally, we suggest that they could be utilized in the evaluation of long-term outcomes of bariatric surgery and in the preparation of a conversion to other bariatric procedures. Both questionnaires may certainly also be used for the evaluation of single patients.
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